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GROUND-WATER RESOURCES RECONNAISSANCE OF THE YAP MAIN ISLANDS,
FEDERATED STATES OF MICRONESIA

By Patricia J. Shade, Stephen S. Anthony, and Kiyoshi J. Takasaki

ABSTRACT

‘At present, water shortages occur on the four main islands of Yap every
year during the dry season, and especially during extended drought periods
such as in 1983. Shortages occur primarily because of inadequate storage and
substantial transmission loss. The Yap government intends to eliminate these
shortages by establishing centralized water systems that will supply 24-hour
per day service to the populated areas, and by improving village-scale water
systems in the remote areas.

The projected water demand by the population of the four main islands of
Yap in the year 2000 is 507,000 gallons per day. This demand can be met by
increasing the storage and surface area of established rainwater-catchment and
spring-fed village-scale systems, and by increasing ground-water development
in the volcanic formations found in the old airport area on Yap, on the
southern Yap plateau, and on Gagil-Tamil island. Existing wells in the
volcanic formations have yields of 25 to 50 gallons per minute. Proposed
exploratory wells in these areas will better define sustainable yield, extent,
and water-bearing characteristics of the principal aquifers.

Wells completed in the aquifer at the old airport had a combined yield of
77 gallons per minute in 1986. The proposed exploratory wells in the old
airport area could lead to increased development from this aquifer and reduce
natural losses due to drainage to surrounding gulches and evaporation from
pond surfaces.

Exploratory wells sited along the southern Yap plateau, in the volcanic
formation, will provide data that could facilitate better description of the
geology and water-bearing characteristics of the aquifer. The proposed drill
sites could tap a thicker, more productive, volcanic formation than was found
during previous exploration. The new wells along the plateau could be able to
supply the area population,

The Gagil-Tamil aquifer is the most promising source, with a 1986
combined well yield of 200 gallons per minute. Water balance calculations and
streamflow analyses in the Eyeb and Mukong Stream basins indicate that more
than 0.5 million gallons per day are recharging the ground-water reservoir in
both of these basins. The proposed exploratory wells in these basins and
elsewhere in the area will develop some part of this water, and will better
define the water-bearing characteristics of the volcanic formation and the
coral limestone that lie beneath the volcanics in a small part of the Mukong
Stream basin.



The largest water demand is in the Colonia area, the state capital. This
area is underlain by schist that is impermeable, as compared with the volcanic
formation, and is not productive aquifer material. Wells drilled previously
into this material had small yields, about 10 gallons per minute. The schist
formation underlies most of the island of Yap and large parts of the other
islands. Therefore, although it is not expected that exploratory wells
drilled in this formation will produce more than about 10 gallons per minute,
the hydrologic information gained from the e*ploration is transferable and
valuable. The Colonia water demand can be met by increasing development from
the old airport and/or Gagil-Tamil aquifers. Indications are that although
the ground-water supply is limited, there is enough to meet the present water
demand and that projected for the year 2000.,

!

INTRODUCTIO

The demand for potable water in the Yap ‘main islands in the Federated
States of Micronesia is increasing as a result of a growing population and new
commercial development. During extended dry periods, water demand commonly
exceeds supply. |

The water-supply problem on the Yap main islands was accentuated during a
drought in 1983 (Van der Brug, 1985), when rainfall was only 27 percent of
normal for the period January through May. e subnormal rainfall created a
severe problem because nearly all of the water for the central water-supply
system on Yap island comes from a surface-water impoundment. The total
storage of the system is 27 million gallons (Mgal). The average daily demand
in the area served by the system is about 188,000 gallons per day (gal/d).

The system cannot provide water continuously |[during extended dry periods.

During the 1983 drought, the reservoirs jwere inadequate because of an
extended system, heavier demand, and losses in the distribution lines. On
February 17, 1983, the reservoirs ran dry. Beginning in February 1983, water
from the old airport swamp, and later a nearby swampy area, was transported in
makeshift tank trucks to five sites where water was distributed to the general
public. An attempt to ration the water to 3 |gallons per person in the morning
and again in the evening was abandoned when Jeople panicked. In a more or
less continuous operation, water was hauled from these two sites until the end
of the drought. The return of rainfall to normal alleviated the water-supply
problem until the next dry period.

One way to alleviate the chronic water-supply shortages is to supplement
the existing system with a ground-water supply. In a study of the 1983
drought, Van der Brug (1985) showed that populations on islands dependent on
rainfall or surface runoff suffer more durinj droughts than those on islands
that utilize ground water. Therefore, in 1986 the Yap State government
entered into a cooperative agreement with the U.S. Geological Survey to
conduct an island-wide reconnaissance ground-water resources investigation.









































































































individual rainwater-catchment systems during the dry season commonly is the
result of inefficient catchment areas and undersized storage facilities. 1In
most of the villages, shallow dug wells and seeps have been developed to
augment individual rainwater-catchment systems. The water derived from seeps
is low in dissolved solids; however, the quantity is small, ranging from 0 to
8 gal/min. Shallow wells dug into the coastal plain yield water of variable
quantity and quality. Quantity is dependent on the formation into which the
well is dug and the well design. Quality is dependent on the proximity of the
well to the ocean and land-use practices. Sources of ground-water
contamination include seawater intrusion, overland benjos (outhouses), garbage
pits, dish- and clothes- washing water, livestock waste, and crop fertilizer.

Descriptions of 12 spring-fed systems are given in table 5, and their
locations are shown in figure 11. Village population figures supplied by
YAPCAP (Yap Community Action Program, Edward Brettin, oral communication,
1987) together with the demand of 20 gal/d/person estimated by Lyon Associates
(1980) were used to estimate the water demand at each spring-fed system. Dry-
season yields were determined by volumetric measurements of discharge at the
spring-fed sump, and wet-season yield figures were estimates made by
experienced field personnel from YAPCAP.

Table 5. Description of seep- or spring-fed village-scale water-supply systems

IN.D. = not determined; gal/d = gallon per day; gal = gallon]

Yield
water (gal/d)
Village, demand 2/ wet season 3/ Sump Storage
Municipality Populationl/ (gal/d) dry season (gal) (gal) Description
Talangith, Maap 35 700 N.D. 1,800 -- Angiya seep discharges at soil/rock
1,400 interface; infiltration gallery feeds
sump which supplies the village
distribution lines.
Qamin, Maap 91 1,820 11,520 -- 23,900 Wudee seep feeds a 8,600 gallon holding
4,600 tank; water is pumped to a 15,900 storage
tank which supplies the village
distribution lines.
Bechyal, Maap 4/ 26 520 N.D. .- .- Proposed seep development; additional
600 source needed for proposed tourist
development; shallow ground-water
development possible.
Tooruw, Maap &4/ 29 580 1,500 1,800 15,000 Binyuw seep in taro patch; infiltration
500 gallery feeds a sump located in the
streambed; sump is connected to
storage tank which supplies the village
distribution lines; additional freshwater
supply needed.
Wanead, Maap 68 1,360 17,800 270 8,600 Perennial seep at head of a ravine inland
8,000 from Wanead village; 1,900 ft of pipe

connect the sump and storage tank which
supplies the village distribution lines.
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Table 5. Description of seep- or spring-fed village-scale water-supply systems - Continued
|
IN.D. = not determined; gal/d = gallon per day; gal = gallon]
Yield
water (gal/d)
Village, demand 2/ wet season 3/ Sump Storage
Municipality Populationl/ (gal/d) dry season (gal) (gal) Description
uachajlaeb/
Choqdl, Maap 3/ 65 1,300 5,500 8,600 -- ‘Perennial seep in taro patch; infiltration
N.D. ! gallery feeds a sump located in the
streambed; sump supplies distribution lines
in Wachalaeb and part of Chogol village.
Rationing needed in the dry season;
+ additional freshwater supply needed.
Raeng, Fanif 36 720 N.D. 540 5,700 Paaran seep: hillside seep through
N.D. i fractured schist; sump is connected to
storage tank which supplies the village
distribution lines; “never goes dry".
Gilfith, Fanif 50 1,000 N.D. 700 8,600 Archeq seep: hillside seep; sump is
N.D. connected to storage tank which supplies
the village distribution lines; system
needs a sand filter.
Yyin, Fanif 47 940 9,800 N.D. 8,600 |Qawach seep: hillside seep; sump located
N.D. in streambed downstream from the
source; sump is connected to storage
tank which supplies the village
distribution lines (10-15 homes).
Rumuuq, Fanif &4/ 238 >4,760 >8,000 N.D. 23,000 Mayche spring: located in Qaabach, Tamil;
3,000 hillside seepage at approximately 40 ft
elevation; linked to Rumuuq village system
by a polyethylene pipe; additional
freshwater supply needed.
Dugor, Weeloey 4/ 204 4,080 3,000 270 3,800 Magbuy seep: hillside seep; sump is connected
N.D. to storage tank which supplies the
village distribution lines; rationing
needed in the dry season, additional
freshwater supply needed.
Yinuuf, Ruul 60 1,200 20,000 8,600 Auw spring located in a small ravine inland
8,640 of Yinuuf village; small earth-fill dam

ponds water; spring development not
complete.

1/ Village population figures from 1984 mapping survey.

2/ 20 gal/d/person (Lyon Associates, 1980).

47 A

3/ NIZ season yields are YAPCAP estimates.
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By comparing the dry season yield with the water demand, the villages of
Bechyal, Tooruw, Wachaelaeb-Choqol, Rumuuq, and Dugor were identified as
places in need of additional freshwater supplies. Because of the inadequacy
of the present systems in Rumuuq and Dugor villages, and their large, rapidly
growing populations, these two villages are proposed as sites to be served by
either the Colonia or Gagil-Tamil Water System.

Descriptions of rainwater-catchment systems at seven villages are given
in table 6, and locations of the systems are shown on figure 11. Most
catchment systems require rationing during dry seasons, because of inadequate
catchment areas and insufficient volumes of storage. Specifically, at
Gagnaqun, Rumung, Maap Elementary School, and North Fanif Elementary School,
only part of each roof area has gutters, so that a large part of the rainfall,
as much as half, is not caught. In addition, there is further loss of water
due to lack of security at storage tanks.

Table 6. Description of village-scale rainwater catchment systems

[gal/d = gallon per day; gal = gallon; ft2 = square foot]

Vil lage, Water Demand 1/ Catchment Storage

Municipality Population (gal/d) (ft ) (gal) Comments

Bulwol, Rumung 12 240 240 5,000 Built by Yap Community Action
Program.

Gagnaqun, Rumung 20 400 450 24,000 Roof needs repair; only half
the roof is guttered; storage
tank needs cleaning and a
tocking valve.

Rumung Elementary School, 61 1,220 1,900 24,000 Pipeline distributes to Riy

Rumung 2/ village; rationing needed
during the dry season.

Maap Elementary School, 76 1,520 5,000 3,800 Gutters catch 3/4 of rainfall,

Maap 2/ and need to be replaced.
Rationing needed during dry
season.

North Fanif Elementary 30 600 2,100 3,800 Serves school and nearby

School, Fanif dispensary, improve catchment
gutters.

Ruunuw, Fanif 2/ 37 740 255 23,000 Pipeline distributes to Ruunuw
village; rationing needed
during dry season.

Fanif Elementary School, 61 1,220 .- 8,600

Fanif

1/ 20 gal/d/person.

2/ Additional freshwater supplies needed to meet the present water demand.
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In spite of current and long historical use of rainwater-catchment

systems, the quality of water obtained from rainwater-catchment systems in
Micronesia has received little attention. In the only bacteriological
evaluation of water obtained from rainwater-catchment systems in Micronesia,
Dillaha and Zolan (1983) recommended that users boil catchment water before
drinking because coliform organisms, some at very high and potentially
dangerous levels, were found in many catchments.| However, Dillaha and Zolan
(1983) showed that rainwater-catchment systems provide relatively high quality
water for domestic purposes; 56 percent showed no fecal coliforms, and 37
percent had no total coliforms present. Using a standard of less than or
equal to five coliforms present, 75 percent of the rainwater-catchment systems
met the standard for fecal coliforms and 58 percent met the standard for total
coliforms.

'
!

One of the authors of this report, Anthony,}is presently studying the
deposition of toxic metals, such as lead, in rainwater-catchment systems as a
function of system design and maintenance. This study is being conducted on
Ulithi atoll, Yap State, and Mwoakilloa and Pingelap atolls, Pohnpei State.

To improve the efficiency and water quality of rainwater-catchment
systems on the Yap main islands the following are suggested:

o Low corrosion materials, such as aluminium, are desirable for roof
catchment surfaces and guttering. The present use of corrugated
metal sheet is not suitable.

o Trees that overhang collection surfaces can be removed to minimize
entry of organic matter into tanks.

o A foul flush and/or a filter device can be employed in rainwater-
catchment systems to remove contaminants before water enters the
storage tank. A foul flush device diverts the early runoff of dirty
water from a roof at the beginning of i storm. Early runoff
typically contains a high concentration of dust, leaves, and other

debris that has collected on a roof since the last rainfall event.

o Filter devices, such as prefabricated drain boxes with perforated
plates or coarse sand filters can be used.

o Maintenance of roofs, gutters, pipes and tanks can be carried out
regularly to ensure maximum efficiency of collection and to minimize
chances of bacteriological contamination.

o Rainwater used for human consumption can be boiled as a further

| water-quality control. |
Chlorination of rainwater tanks, although practiced in some places, is

hot seen as the answer for the Yap main islands, partly because of the need

for monitoring of chlorine levels in each tank, and the extra operational
Ints to the established
rainwater-catchment systems along with the construction of additional storage

requirements for the local population. Improvem

tanks, would be sufficient system improvements to satisfy the village water
demands.
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Chemical Characteristics of Water

The main chemical characteristics of surface, spring, and ground-water
sources in the Yap main islands appear to be related to the mineralogy of the
host rock and soil. The composition of stream water is variable, both with
time and location. Important factors that vary with time and location are the
relative contribution of runoff and ground water, climate, the amount of
organic matter present, the extent of physical mixing of the water, and the
amount of suspended matter. A number of factors affect the chemical character
of ground water, such as the chemical composition of recharge water, the
abundance and type of organic matter present in the host rock, contact with
the atmosphere, and proximity to the ocean. Based on major-ion data, all
surface-, spring-, and ground-water sources meet World Health Organization
(World Health Organization, 1971) drinking water standards. However, water-
quality testing for bacteria need to be carried out to determine whether these
waters are safe to drink before boiling.

The source of most of the water in streams is quick runoff from rainfall.
Rainwater contains very small amounts of various dissolved constituents.
Rainwater in proximity to the ocean, however, may acquire significant amounts
of salts deposited from sea spray. As water from rainfall passes through soil
and rock, it reacts with inorganic and organic matter, and various ions and
compounds are taken into solution. Minerals contribute such cations as
sodium, potassium, magnesium, and calcium, and such anions as chloride,
sulfate, and bicarbonate. Organic materials affect the content of oxygen,
carbon dioxide, and nutrient elements such as nitrogen and phosphorus. The
water continually changes composition as it encounters new conditions.
Eventually part of the rainwater enters a stream, either as surface runoff or
as ground water issuing at springs and seeps.

In general, the composition of stream water depends on the type of soil
and rock that the water has passed through, and whether the main source of
water in the stream is from direct runoff or ground water. Ground water
usually contains more dissolved material than surface runoff, because it has
closer and longer contact with organic material and minerals in the soil and
rock particles. Generally, there is a fairly direct relation between the
chemical composition of a given ground-water body and the mineralogy of its
host rock or soil.

Water-quality samples have been collected from wells, streams, and
springs on the Yap main islands by the U.S. Geological Survey from 1979 to the
present; these data are sparse and conclusions drawn from them are only
tentative. Field determinations of temperature, pH, and specific conductance
were made by techniques outlined by Presser and Barnes (1974). Samples for
analysis of major ions were collected and treated according to procedures
described by the U.S. Geological Survey (1977), and analyzed according to
analytical methods described by Fishman and Friedman (1985).
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Chemical analyses of water from seven wells jand nine streams are

summarized in table 7. All wells are in the Tomill Volcanics; two in the
Gagil-Tamil aquifer and five in the southern Yap airport aquifer. Of the nine
streams, four are in the Tomil Volcanics on Gagil|-Tamil island, four are in
the Yap Formation (schist) on Yap island, and onel is in the Map Formation
(tectonic breccia) on Maap island. The mean values and standard deviations of
temperature, pH, and major-ion concentrations are listed in table 7.

Table 7. Summary of chemical data from surface- and ground-water sources in the Yap Islands

3
[GT = Gagil-Tamil; Q = discharge; cfs = cubic fleet per second or ft /s;
x = mean; s = standard deviation; mg/L = milligrams per liter; n = number of analyses]
|

il
GT Wells GT Streams Ai}pglg Wells Yap Streams Maap Streams
Units X s X s b s X s X s

(n=3) (n = 18) (n=12) (n = 12) (n =3)
Temperature ---------------- % 28.6 0.75 27.1 0.72 29.1 0.23 26.1 0.77 27.3 0.35
PH =--em-mecmoommeananneons 7.06  0.45 6.4 0.46 6.5 1.0 7.5 0.31 7.5 0.07
Alkalinity, total as CaCOg- mg/L 29.3 3.59 17.9 10.21 16.1  14.98 32.1  11.46 36.0 6.08
Sutfate, dissolved SO4 --- mg/L 1.7 0.15 3.1 2.37 3.5 4.6 3.9 4.04 7.0 7.07
Chloride, dissolved Cl----- mg/L 6.7 0.21 6.2 1.0 3 2.49 10.9 4.16 16.0 1.73
Silica, dissolved SiQqgp----- mg/L 63.3 8.38 8.4 3.42 .1 15.61 18.2 3.45 19.7 0.58
Magnesium, dissolved Mg ---- mg/L 3.2 0.12 2.3 1.45 1.8 1.59 5.9 1.35 6.3 0.29
Calcium, dissolved Ca ------ mg/L 3.7 0.44 3.0 1.92 3.5 2.16 3.9 2.3 6.4 0.35
Iron, dissolved Fe --------- mg/L 0.015 0.02 0.52 0.6 0.4 0.63 0.25 0.09 0.32 0.1
Manganese, dissolved Mn ---- mg/L 0.002 0.01 0.11  0.13 0.06 0.08 0.007 0.01 0.03 0.02
Sodium, dissolved Na ------- mg/L 7.3 1.47 4.4 0.78 6.1 1.31 5.8 1.02 10.2 0.76
Potassium, dissolved K ----- mg/L 1.6 0.29 0.2 0.14 0.4 0.16 0.2 0.1 0.3 0.58
Soﬁids, dissolved, sum of
constituents -------c------ mg/L  98.0 16.97 40.6 14.24 42.6 30.29 70.0 11.94 85.7 5.51
Q(cfs) -- -- 1.32 0.81 -- -- 1.16  2.43 0.28 0.22

Ground water in the Gagil-Tamil and old airport aquifers contains a
g*eater amount of total dissolved solids than surface water on Gagil-Tamil
island. Both the ground water and surface water are slightly acidic, pH
equals 6.4 to 7.04, which is probably related to the acidic soils (latosols)
of the Tomil Volcanics. The Tomil Volcanics compise the geologic setting for
both aquifers and streams on Gagil-Tamil. The Tomil Volcanics, composed of
andesitic rocks, have been deeply weathered to kaolinitic clays, releasing
sodium cations and dissolved silica. The process by which water dissolves
rocks can be expressed in terms of chemical equations. The reaction of carbon
dioxide and water supplies hydrogen ions:
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CO,(aq) + H,0 = HCOs™ + HT (1)

Andesites, which are rich in plagioclase feldspar, are changed to clay
minerals (kaolinite) in a reaction with hydrogen ions:

2NaAlSiz0s + O9H,0 + 2H' = Al1,51,05(0H), + 2Na' + 4&4H,Si0, (2)
feldspar carbonic acid kaolinite Na ions dis. SiO,

The dissolved silica content in the ground water depends on the ease and
extent of breakdown of silicate minerals in the host rock. Concentrations are
a function of contact time and the exposed surface area of the mineral.
Because of the longer and more intimate contact of ground water with organic
material and with soil and rock, ground water in the Gagil-Tamil and old
airport aquifers has a greater amount of total dissolved solids, and dissolved
silica and sodium concentrations than surface water sampled on Gagil-Tamil.

Iron concentrations exceeding 0.1 milligrams per liter (mg/L) are noted
in all of the stream water sampled and in the ground water of the old airport
aquifer. Manganese concentrations exceeding 0.05 mg/L are noted in the
sampled stream water of Gagil-Tamil and in the ground water of the old airport
aquifer. These concentrations are not high enough to cause water-quality
problems; however, periodic monitoring should continue. Iron and manganese
are minor elements in water and pose no real health hazard; however, they can
cause considerable problems in water supplies for either domestic or
industrial use. Iron and manganese can appreciably affect the taste of
beverages, and can stain laundered clothes and plumbing fixtures. Iron can
also promote the growth of bacteria. The World Health Oranization recommends
a desirable level of 0.1 and 0.05 mg/L, and a maximum permissible level of 1.0
and 0.5 mg/L for iron and manganese, respectively (World Health Organization,
1971).

The rocks of the Yap Formation are composed of ultramafic parent material
that has been recrystallized to greenschist facies by regional metamorphic
processes. The silicate minerals that compose these rocks are rich in
magnesium and have a high sodium to potassium ratio. Considering the
compositional similarities of the Yap and Map Formations, it is not surprising
that the chemical characteristics of sampled stream water flowing over these
formations is similar. These waters have a pH of 7.5, moderately high
concentrations of total dissolved solids (70-85 mg/L), high sodium to
potassium ratio, and high magnesium concentrations in comparison to the other
water types listed in table 7.
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Chemical data, collected during February 1987, from five springs which
discharge water from the soil-rock interface in tﬁe Yap and Map Formations are
listed in table 8. The pH of these waters ranges from 7.2 to 8.0. Higher
alkalinity and total dissolved solids in sampled springs as compared with
sampled ground water and streams suggest an additional input of CO, to spring
waters. The input of CO, to spring waters is derived from the decay of
vegetation and root respiration in the soil zone. High sodium, magnesium, and
dissolved silica concentrations suggest that spring waters are actively
dissolving their host rock.

Table 8. Chemical data from springs in the Yap Islands
(Samples collected in February 1987)

[mg/L = milligrams per liter]

Yinwf, Yap Dugor, Yap Yabach, Yap Qamin, Maap Talangith, Maap

Temperature --------=--<<--- c 25.5 27.5 26.5 27.5 28.0
pH =--s=ccccccmcreccccccnnns 7.20 7.98 7.34 7.70 7.27
Alkalinity, total as CaCO3z - mg/L 108.0 172. 89. 92. 289.0
Sul fate, dissolved SO4------ mg/L 4.9 2.3 4.2 2.1 5.5
Chloride, dissolved Cl ----- mg/L 16.0 14. 16. 18. 29.0
Silica, dissolved Si0g ----- mg/L 40.0 49. 45. 42. 50.0
Magnesium, dissolved Mg ---- mg/L 18.0 25. 12. 1. 34.0
Calcium, dissolved Ca ------ mg/L 13.0 24. 12. 18. 51.0
Iron, dissolved Fe --------- mg/L 0.33 0.014 0.005 0.046 0.012
Manganese, dissolved Mn ---- mg/L 0.082 0.001 0.007 0.014 0.014
Sodium, dissolved Na ------- mg/L 12.0 12. 13. 14. 26.0
Potassium, dissolved K ----- mg/L 0.2 0.4 0.2 0.8 0.9
Solids, dissolved, sum of

constituents -------------- mg/L

Nickel, dissolved Ni ------- mg/L 0.004 0.001 0.003 0.002 0.001
Chromium, dissolved Cr ----- mg/L 0.001 0.001 0.002 <0.001 <0.001

Except for the high iron concentrations not?d in all of the sampled
surface water and in the ground water of the old airport aquifer, and the high
manganese concentrations noted in the sampled stream water of Gagil-Tamil, and
rn the ground water of the old airport aquifer, the overall quality of water

n the Yap main islands is good. The concentration of all chemicals analyzed
are within maximum permissible levels recommended for domestic use by the
World Health Organization (1971). Bacterial anaT
Water-quality problems that were not studied include; biological and heavy

yses were not performed.

metal contamination of rainwater-catchment system waters, biological
contamination of shallow dug well waters, and the potential contamination of
the Colonia Water System reservoir waters from leachate derived from the Yap
State sanitary landfill.
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Water Balance

A water balance has been calculated for each of seven stream basins where
continuous streamflow data are available (fig. 20). The water-balance
calculations indicate how water from rainfall is distributed among the
components of the hydrologic cycle: runoff, evapotranspiration, and ground-

water recharge. The water-balance equation:
Rainfall - Runoff - Evapotranspiration = Change in Soil Storage + Recharge

and a bookkeeping method developed by Mather (1978), with monthly rainfall,
streamflow, and pan evaporation data, were used to calculate, month by month
through the period of record, the quantity of water in each of the components
of the hydrologic system.

Because of the short term of record available from the U.S. Geological
Survey station, only the rainfall data collected by the National Weather
Service (formerly the U.S. Weather Bureau) at the old airport (table 2) are
used for the water-balance calculations made in this report. Rainfall
recorded at the old airport station is assumed to be distributed homogeneously
over the selected drainage areas used in the water-balance calculations.

Pan evaporation data have been collected at the Weather Service station
at the old airport since 1978 (table 9). Mean annual pan evaporation at the
station during the 7-year period, 1979 to 1985, was 75 inches. Data for 1978
and 1986 were incomplete and could not be used for the mean annual
calculation. These data have been applied homogeneously throughout the Yap

main islands and are assumed to equal potential evapotranspiration.

Table 9. Monthly and annual pan evaporation data for Yap

(Source: U.S. National Oceanic and Atmospheric Administration)

[e = Estimated value; M = 10 or more daily values are missing; -- = No record]

Annual
Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

1978 -- - .- - -- - 5.58 6.70 5.15 5.33 5.06 7.23 --
1979 6.52 6.74 7.49 8.21 7.41 5,90 5.55 6.33 6.15 8.60 6.11 6.11 81.12
1980 5.41 6.16 6.96 6.87 6.32 5.97 6.25 5.96 4.78 6.54 5.24 5.5 72.01
1981 3.99 5.56 7.48 7.69 8.41 4.36 5.31 6.65 7.01 5.5 4.91 5.35 72.28
1982 6.58 5.60 7.12 7.56 5.58 5.70 6.82 7.75 5.70 5.8 5.76 6.37 76.42
1983 7.17 7.66 9.04 8.08 8.68 6.16 5.30e 4.85e 4.6Te 5.64e 4.73e 5.83 77.81e
1984 5.55 5.95 7.90 8.23 8.85 5.39e 6.45e 4.87 5.55 5.03 6.04e 6.24 76.05e
1985 5.0te 6.53 7.31 6.45e 6.09e 5.24e 6.31 6.26e 5.41e 5.47 5.98 4.99e 71.05e
1986 6.40e 4.64e 6.48e 6.85 5.96e 5.36e M 6.78e 5.30e M 5.83e 6.79 --
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Continuous streamflow data are available for the nonperennial streams of
Peemgoey, Qatliw, Qaringeel, Burong, and Daloelaeb, and the perennial streams,
Mukong, and Eyeb. Because Mukong and Eyeb Streams are perennial, data for
these two streams were analyzed differently from the others to determine
runoff values for the water-balance equation. A discussion of the techniques
used for both nonperennial and perennial streams follows.

The monthly water-balance calculations produce average ratios of runoff,
actual evapotranspiration, and ground-water recharge as a percentage of
rainfall. These ratios can be used to estimate the water balance in ungaged
basins, and to estimate the ground water possibly available for development if
basin characteristics of topography, geology, vegetative cover, and soil
infiltration characteristics are similar.

It is necessary to note that the period of record for streamflow and pan
evaporation data is short, and the monthly basis of calculation lacks
sensitivity to daily fluctuations in the system that are often extreme. In
keeping with these data and with the scope of this investigation, a monthly
water balance is suitable. The monthly balance tends to increase the estimate
of actual evapotranspiration and decrease the estimate of ground-water
recharge when compared with daily calculations (Mather, 1978). For the
purpose of locating sites for ground-water exploration, it is desirable to use
a method that will yield a conservative estimate of ground-water recharge.
With these precautions in mind, the estimates of ground-water recharge
determined in the water-balance calculations are used to indicate areas that
appear to be most favorable for ground-water development.

Nonperennial Stream Basins

Water budgets were calculated for the Peemgoey, Qatliw, Qaringeel,
Burong, and Daloelaeb Stream basins. All the basins are underlain by rocks of
the Yap Formation having low permeability; consequently ground water does not
contribute significantly to streamflow. Streamflow in the basins occurs
during periods of precipitation and lasts for only short periods of time
thereafter. To calculate the water balance, the following parameters had to
be determined: 1) the area of the drainage basin above the gage site, 2) the
average effective rooting depth and available water capacity of the basin, and
3) the maximum soil storage.

First, the outline of the contributing area above the stream gaging site
was traced on the soil map of the basin prepared by the Soil Conservation
Service (Smith, 1983). The soil types within the basin were outlined, and
each soil type's effective rooting depth and available water capacity were
determined from tables prepared by the Soil Conservation Service
(Smith, 1983). The proportional areas within the basin covered by each soil
type, and the rooting depths and available water capacities of the soil types
were averaged to determine an average effective rooting depth and available
water capacity for the basin.
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The rooting depth multiplied by the availatle water capacity (the
difference between the quantity of soil water at field capacity and at the
wilting point) yields the maximum soil storage. This maximum soil-storage
value must be known, because AE (actual evapotranspiration) is subtracted from
this storage. Generally, AE (the amount of water evaporated from soil and
plant surfaces, and transpired by plants) is limited by the amount of water in
soil storage. Depending on the amount of water in soil storage, the actual
evapotranspiration rate sometimes equals the maximum (potential) rate, and
when the amount in soil storage decreases, the actual rate of
evapotranspiration decreases to below the potential rate. The pan evaporation
data (table 8) are equated to PE, the potential, or maximum evapotranspiration
rate as the pan coefficient is assumed to be 1.0 in humid areas where strong,
positive advection is not common (Dr. Paul C. E#ern, Hydrologist, University
of Hawaii, oral communication, 1987). It is recognized that AE sometimes
exceeds pan evaporation for vegetation at the mLture stage of growth (Chang,
1968), that is a pan coefficient greater than 1.0. However, there are data
that show pan coefficients of less than 1.0 for crops at a mature stage of
growth. Without data from native vegetation in Yap, a pan coefficient of 1.0
is a reasonable assumption.

After the maximum soil storage for the basin is determined, the water
balance can be calculated. First, net precipitation (rainfall - runoff) is
compared with potential evapotranspiration (PE). If the net precipitation is
greater than, or equals PE, then actual evapotranspiration (AE) equals PE and
this quantity is subtracted from net precipitation. If there is a remainder,
it goes into soil storage. If the gquantity in soil storage is greater than
the maximum soil storage quantity, the excess recharges the ground-water body.
If the quantity in storage is less than the maximum soil storage quantity,
there is no recharge to ground water. Any quantity remaining in soil storage
is carried over into the next month. If the quantity of net precipitation
plus any soil storage carried over from the previous month is less than PE,
then AE equals this quantity, and nothing is coptributed to soil storage.

Water balances calculated for Peemgoey, Qatliw, Qaringeel, Burong, and
Daloelaeb Stream basins are shown in tables 10 to 14. Calculated rates of
annual recharge ranged from less than 1 percent of rainfall in Qaringeel basin
to 11 percent in Qatliw basin. Calculated recharge rates were generally
between 1 to 5 percent of rainfall for all basins except Qatliw, which for
three years of available data, the average was nearly 8 percent. All of these
recharge rates are low, because of the low permeability of the rock underlying
the basins, and because of the rapid runoff that is generally characteristic
of the soils in the basins. The average runoffkrainfall ratio in these basins
combined is 50 percent. Therefore, the possibility of large ground-water
supplies in the five basins is not indicated by these data. Figure 20
indicates the mean annual recharge calculated for each of the stream basins.
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Table 10. Water balance in Peemgoey Stream basin
[AE = actual evaporatranspiration; Mgal/d = million gallons per day]

Recharge Recharge/
Rainfall Runoff AE (inches, Rainfall
Year (inches) (inches) (inches) Mgal/d) (percent)

1979 124.49 58.19 62.25 4.00, 0.03 3
1980 120.35 53.02 60.89 4.25, 0.03 3.5
1981 127.24 67.57 55.63 4,27, 0.03 3
3-yr

mean 124.03 59.59 59.59 4.17, 0.03 3

Table 11. Water balance in Qatliw Stream basin

[AE = actual evaporatranspiration; Mgal/d = million gallons per day]

Recharge ‘Recharge/

Rainfall Runoff AE (inches, Rainfall
Year (inches) (inches) (inches) Mgal/d) (percent)
1982 135.03 67.00 64.12 3.91, 0.06 3
1983 88.84 32.71 46.25 9.88, 0.15 11
1984 101.27 44.74 47.10 9.43, 0.14 9
3-yr
mean 108.38 48.15 52.49 7.74, 0.12 7

Table 12. Water balance in Qaringeel Stream basin

[AE = actual evaporatranspiration; Mgal/d = million gallons per day]

Recharge Recharge/

Rainfall Runoff AE (inches, Rainfall
Year (inches) (inches) (inches) Mgal/d) (percent)
1979 124 .49 60.62 60.61 3.26, 0.04
1980 120.35 62.10 54.03 2.05, 0.02
1981 127.24 72.48 53.83 2.61, 0.03 2
1982 135.03 68.72 66.30 0.50, 0.01 0.4
1983 88.84 46.09 41.88 0.48, 0.01 0.5
1984 101.27 49.40 46.64 5.62, 0.06
6-yr
mean 116.20 59.90 53.88 2.42, 0.03 2
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Table 13. Water balance in Burong Stream basin

[AE = actual evaporatranspiration; Mgal/d = million gallons per day]

Recharge Recharge/

Rainfall Runoff AE (Inches, Rainfall
Year (inches) (inches) (inches) Mgal/d) (percent)
‘ 1979 124 .49 57.32 61.00 6,17, 0.07 5
| 11980 120.35 54.14 60.15 3188, 0.04 3
1981 127.24 66.15 56.04 5.75, 0.06 5
1982 135.03 73.86 61.33 2.38, 0.03 2
1983 88.84 34.32 46.41 5.36, 0.06 6
1984 101.27 40.99 50.70 9%51, 0.10 9
6-yr \
mean  116.20 54.46 55.94 5,51, 0.06 5
-

Table 14. Water balance in Daloeiaeb Stream basin

[AE = actual evaporatranspiration; Mgal/d % million gallons per day]

Recharge Recharge/

Rainfall Runoff AE (inches, Rainfall
Year (inches) (inches) (inches) Mgal/d) (pexcent)
1979 124.49 67.84 53.40 3.25, 0.01 3
1980 120.35 65.69 49,93 0.97, 0.003 1
1981 127.24 80.60 46.23 1.48, 0.005 1
3-yr
mean 124.03 71.38 49 .85 1,90, 0.006 1.5

Perennial Stream Basins

Water balances were calculated for Mukong and Eyeb Stream basins, which
are underlain by fairly permeable rocks of the Tomil Volcanics. Perennial
streamflow in these basins reflects the greater iermeability of the volcanics
as compared with the Yap Formation. Part of the streamflow is supplied by
ground-water discharge at places where the stream channel intersects the water
table. This part of the streamflow is called baseflow and was calculated for
both the Mukong and Eyeb Streams using graphic sireamflow charts of daily

discharge and baseflow-separation techniques described by Chow (1964).
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The water budgets for these basins were calculated in a manner similar to
that used for the nonperennial basins. The only difference was that baseflow,
that part of streamflow contributed by ground-water discharge to the stream,
was subtracted from streamflow to obtain runoff before following the procedure
outlined for nonperennial streams. Tables 15 and 16 show the results of the
water-balance calculations for Mukong and Eyeb Streams.

Table 15. Water balance in Mukong Stream basin

[AE = actual evaporatranspiration; Mgal/d = million gallons per day]

Recharge Baseflow Recharge/ Baseflow/
Rainfall Runoff AE (inches, (inches, Rainfall Rainfall
Year (inches) (inches) (inches) Mgal/d) Mgal/d) (percent) (percent)
1981 127.24 24.91 65.38 36.95, .88 29.68, .71 29 23
1982 135.03 47.99 76.42 12.60, .30 31.62, .75 9 23
1983 88.84 9.48 52 .47 25.97, .62 23.53, .56 29 26
1984 101.27 16.95 65.12 20.03, .48 33.16, .79 20 33
1985 133.49 23.30 71.05 37.25, .89 40.17, .96 28 30
5-yr.
mean 117.17 24.53 66.09 26.56, .63 31.63, .75 23 27
Table 16. Water balance in Eyeb Stream basin
[AE = actual evaporatranspiration; Mgal/d = million gallons per day]
Recharge Baseflow Recharge/ Baseflow/
Rainfall Runoff AE (inches, (inches, Rainfall Rainfall
Year (inches) (inches) (inches) Mgal/d) Mgal/d) (percent) (percent)
1982 135.03 56.34 68.53 9.25, .14 42 .49, .65 7 31
1983 88.84 17.50 51.13 17.45, .27 28.49, .43 20 32
1984 101.27 28.45 61.21 12.82, .19 44 .14, .67 13 44
1985 133.49 41.12 70.42 15.16, .23 58.84, .90 11 44
4-yr.
mean 114.66 35.85 62.82 13.67, .21 43.49, .66 12 38

Included in these tables are the calculated amounts of baseflow that
indicate the minimum ground water discharging from the system. Because the
long-term flow out of the ground-water system cannot be higher than the flow
into the system, the baseflow values also represent the minimum recharge in
the basins. The baseflow, or minimum recharge was measured directly from the
streamflow hydrographs, using a baseflow separation technique (Linsley and
others, 1958). A straight line is drawn from the point of rise in the
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hydrograph to a point on the recession segment located at (Areao‘z) days after
the time of peak flow. Drainage area is in units of square miles. The area
under this line represents the baseflow part of |the measured streamflow and
the area above this line represents storm runoffl. For long periods during the
dry season, there are no peaks in the hydrographs and it is clear that the
istreamflow is being sustained by ground-water contributions.

‘ A possible source of error in computing recharge from this direct method
‘might be the accuracy of the stream rating table which relates stream gage
1height to stream discharge. However, the stream ratings are generally well
'defined at low gage heights. ‘

Because the recharge values are expected tj be higher than the baseflow
values in tables 15 and 16, additional explanations for the results might be
considered. In computing recharge from the water balance, there are several
sources of error owing to the uncertainties in estimating average basin
rooting depths, available water capacities, maximum soil storage values, and
in the assumption that rainfall is distributed homogeneously over the islands.
Additionally, monthly water balances tend to underestimate recharge (Mather,
1978), and this may explain why the calculated recharge is less than baseflow.
Also, it is possible that some ground water supplying the baseflow may come
from outside the basin boundary used in the calculations. That is,
topographic boundaries may not coincide with ground-water flow boundaries. 1In
1981 and 1983, the calculated recharge in the Mukong basin was greater than
the baseflow, indicating there is wvalidity in the use of the water-balance
calculation with short-term data, and the calculation is a useful analytical
approach. Considering the potential errors in recharge estimates using the
water-balance calculations, the baseflow values| are considered to be more
representative of the ground-water recharge in the basins, and more reliable-
as estimates of minimum ground-water flow through the basins. The baseflow
values for Eyeb and Mukong basins are shown as the mean annual recharge in
figure 20.

A good indication of the minimum baseflow, or ground-water flow that may
be available for development in the Mukong Stream basin, is the baseflow of
0.56 Mgal/d in the drought year of 1983. The probability is about 3 percent
that less than the 1983 drought rainfall may occur in any given year.

Tthe 1983 baseflow can be
considered near the potential minimum. In a high rainfall year such as 1985,
the calculated baseflow nearly doubled to 0.96 Mgal/d. The 5-year average
baseflow is 0.75 Mgal/d or 27 percent of the 5-year mean rainfall. A
statistical probability analysis that would generate the probability that a

Recognizing baseflow is a function of rainfall,

. given annual baseflow amount would occur is notfpossible from the short term

of streamflow record.

The 4-year average baseflow for Eyeb basin is 0.66 Mgal/d. A minimum
baseflow value is 0.43 Mgal/d in the 1983 drought year, and a maximum value is
0.90 Mgal/d in 1985, a high rainfall year. The 4-year average
baseflow/rainfall ratio is 38 percent. These values are estimates of the

' quantity of ground-water flowing through the Eyeb basin and possibly available
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for development. Because 1983 was such a low-rainfall year, the 0.43 Mgal/d
baseflow value is considered a good estimate of the minimum ground-water flow
through this basin.

For Eyeb basin there is a larger discrepancy between the average
recharge, 0.21 Mgal/d, and baseflow of 0.66 Mgal/d that can be attributed to
the same reasons stated in the discussion of the Mukong basin. Additionally,
the larger discrepancy may exist, because part of the Eyeb Stream basin is
underlain by the less-permeable rock of the Yap Formation, which could explain
the lower ground-water recharge value and the consistently higher
runoff/rainfall ratio as compared with the Mukong basin. It is also possible
that the Eyeb Stream rating curve is not as well defined as the Mukong’s, and
that the high-stage end of the Eyeb Stream rating curve is not accurately
defined. Thus, there could be erroneously high runoff values that would
affect the water balance calculations by reducing the net precipitation, and
therefore, recharge values.

In both the Mukong and Eyeb Stream basins, the recharge values calculated
from the water balance, and baseflow values measured from the hydrographs,
establish a range of the amount of ground water that is flowing through these
basins. Because the calculated ground-water recharge did not consistently
exceed the baseflow values in the Mukong basin, and never exceeded the
baseflow values in the Eyeb basin, and because the baseflow values are
determined more directly, and are thus, less subject to error, the baseflow
values are considered to be more reliable estimates of the minimum ground
water flowing through these basins. Because of the heterogeneity in
distribution of porosity and permeability in the subsurface geology, firm
estimates of the amount of water that can be practically developed by wells
cannot be stated without subsurface exploration.

GROUND-WATER EXPLORATION PROGRAM

Proposed Exploratory Drilling and Aquifer Testing

The primary purpose of a proposed ground-water exploration program is to
locate additional sources of water to supplement the Colonia Water System. To
meet the demand for freshwater in the less populated, outlying villages,
several exploratory drill sites have been located along the east and west
coasts of Yap island, and the east coast of Maap island. A priority list of
well sites to be drilled will be formulated by the Yap State government.
Figure 21 shows the general areas of the proposed exploratory drilling sites.
Table 17 is a list of proposed exploratory drilling sites. The following
discusses each area in detail.
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Table 17. List of proposed exploratory drilling sites

Number of Depth

Area drill sites (feet) Geologic Formation
0l1ld airport aquifer, Yap 5 100 Tomil Volcanics
Southern plateau, Yap 3 100 Tomil Volcanics
Eyeb Stream basin, Gagil-Tamil 2 100 Tomil Volcanics
Gagil-Tamil aquifer, Gagil-Tamil 2 150 Tomil Volcanics
Central Yap 5 100 Yap Formation

1 150-200 Yap Formation
Bechyal, Maap 5 50 Coastal Deposits
Tooruw-Wanead, Maap 5 50 Coastal Deposits
Waalooy, Maap 5 50 Coastal Deposits

The most permeable rocks in the Yap main islands are the Tomil Volcanics.
Known reservoirs of ground water in this formation are in the old airport area
on Yap and in central Gagil-Tamil. Other areas in which the Tomil Volcanics
are likely to contain ground-water reservoirs include the Eyeb Stream basin on
Gagil-Tamil island and the southern plateau of Yap island.

01d Airport Aquifer Area

Five sites within the old airport aquifer area have been selected for
drilling exploratory holes as a means of determining the extent of the
aquifer. These sites, shown in figure 22, are distributed along the perimeter
of the existing well field, and are intended to tap ground water that
discharges into gulches north, northwest, and south of the well field, and
that evaporates from adjacent ponds.

The flow of ground water in the old airport aquifer appears to be radial,
away from the pond area and from the summit of the buried mound of schist that
is shown by contour lines in figure 13, toward the gulches surrounding it.

The mound slopes away from this area so that the thickness of the ground-water
reservoir is generally the greatest near the margins of the valleys. The test
holes would be drilled near the valley margins to determine the extent of the
ground-water reservoir. Additional production wells at test hole sites might
be able to capture water that is being lost to the surrounding gulches, and
might be able to draw down the water table enough to dry up the ponds in the
area and eliminate the losses by evaporation from the ponds. Aquifer tests
using the test holes will provide new information on the water-bearing
properties of the aquifer and could aid in the design of a more optimal
development plan for the ground-water reservoir.
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Storage in the aquifer can possibly be regulated profitably by pumping
heavily and lowering the water table during dry periods, and by pumping at low
rates during rainy periods, thus allowing replenishment of the water removed
from storage. With the new wells and appropriate aquifer management, the
aquifer yield could be greater than the present combined well yield of 144,000
gal/d estimated by Nance (1982).

Water withdrawn from the old airport aquifer area presently supplies the
Southern Yap Water System, which serves villages in southern Yap. If new
wells in southern Yap can provide supplies greater than the local demand,
water from the old airport aquifer could be available for diversion to the
Colonia Water System.

Southern Yap Plateau

Three exploratory drilling sites proposed for the southern plateau of Yap
island are shown in figure 23. The sites are along the road extending between
Malaay and Ngariy villages where thick sections of weathered Tomil Volcanics
are believed to exist,

The geology of the southern plateau is similar to that of the old airport
aquifer area: Tomil Volcanics underlain by schist of the Yap Formation.

Three 1l-inch test borings were drilled in 1979 along the main road, which
trends southward from the old airport to Magachgil. The borings revealed 12
to 45 feet of residual soils derived from the Tomil Volcanics underlain by 10
to 15 feet of decomposed schist underlain by unweathered schist (Nance, 1979).
On the basis of water-level measurements in relation to rainfall, the yield
was estimated to be too low to warrant ground-water development by drilled
wells. The ground-water level rise in response to rainfall recharge at the
Kanifaay dispensary and Chumeg, Guroor was 20 to 24 feet during a 3-month
period of 57 inches of rain, suggesting limited storage in the soil mantle.
However, it is important to realize this 3-month rainfall of 57 inches
occurred at the end of the dry season and represents nearly half of the
average annual rainfall.

Figure 24 is a hydrogeologic section that extends from the southern tip
of Yap Island to the old airport area along line C - C' in figure 23. Thick
sections of weathered Tomil Volcanics are shown to exist beneath the old
airport area and in the vicinity of Gachalaaw. These sections overlie valleys
in the bedrock topography. Proposed exploratory drill sites are along the
road between Malaay and Ngariy villages, perpendicular to the cross section.
These holes will test the water-bearing properties of this thicker formation
of weathered Tomil Volcanics. It is possible that new wells at these sites
may be able to supply the water needs of the Southern Yap Water System.
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Eyeb Stream Basin

One of the most promising areas for additional ground-water development
is in the Eyeb Stream basin, Gagil-Tamil island. Two exploratory drilling
sites are proposed in the gently-sloping area southeast of the U.S. Geological
Survey gaging station (fig. 25). Figure 26 is a generalized sketch of the

hydrogeologic setting of Eyeb Stream basin.
The drainage area is underlain predominantly by the deeply weathered
Tomil Volcanics. The perennial dry-season flow of Eyeb Stream indicates that

presented in table 16, it is estimated that the minimum ground-water flow, or
baseflow, is about 0.4 Mgal/d using the 1983 vaire. A possible consequence of
at times, may go dry.

ground water is discharging into the stream. Frim the basin water balance

pumping at wells in this area is that the stream),

Although the present demand for water in the area is low, the ground-
water body or bodies that feed Eyeb Stream should be investigated because
water developed in the Eyeb Stream basin in excess of local need could be used
ito augment supplies in Colonia or the rapidly growing village of Rumuuq, Yap
(fig. 11).

Gagil-Tamil Aquife

Two exploratory drilling sites are proposed in the Gagil-Tamil aquifer
area. The sites shown in figure 27 were selected to explore the coral and
Dorfay Stream parts of the Gagil-Tamil aquifer.

Site A is located east of the Mukong well and west of Mukong Stream. The
well would be drilled to the top of the unweathered schist bedrock or to a
depth of 150 feet, whichever is reached first. The well will provide
information on the water-bearing properties of the overlying weathered Tomil
Volcanics and the 30- to 50-foot thick coral limestone lying beneath the Tomil
Volcanics. The limestone may prove to be an important aquifer.

Site B is at an altitude of about 25 feet on the east side of Dorfay
Stream. The well would be drilled to the top of the unweathered schist
bedrock. The information from this well will help determine the potential
yield of wells in the area underlying Dorfay Stream.

Although the present demand for water inm G#gil-Tamil is being met, the
exploratory holes will help to determine the full potential of the aquifer.

Central Yap

Most of the rocks in the Yap main islandsrlonsist of metamorphic rocks of
the Yap Formation. In places where the Yap Formation is not exposed at the
surface, a thin layer of the Map Formation and/or Tomil Volcanics overlie

these basement rocks. Because of its widespread occurrence, there is a need
’to determine the water-bearing properties of the Yap Formation.
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The Yap Formation is mostly massive schist that appears very tight when
fresh, and likely to yield very little water to wells drilled in it. There is
some increase in the permeability when the rock becomes weathered, and where
it is deeply weathered, such as in valleys, it may store developable
quantities of ground water. However, because the weathered zones are
surrounded by tight unweathered schist, the reservoirs of ground water are
probably isolated and small. The water-balance calculations indicate fairly

- low amounts of ground-water recharge, 1 to 7 percent of rainfall, in basins
draining the Yap Formation. Because of the low permeability of the rock, most
of the rainfall runs off before it can infiltrate and recharge the ground
water,

Because of the concentration of population around Colonia, additional
sources of water are needed for the Colonia Water System. The surface-water
reservoir at Gitaem supplies the Colonia Water System, and is dependent

| largely on wet-season rainfall on a small watershed area of 150 acres. The
reservoir’s storage capacity is not sufficient to meet the system’s demand
during some dry seasons, as became evident during the drought of 1983 when the
reservoir went completely dry. Therefore, explbratory drilling within the
Colonia area is proposed.

Three major stream basins, Maabuug, Peemgoey, and Daloelaeb are found
within the vicinity of Colonia. Of these, the Peemgoey Stream basin appears
to be the most reasonable area to explore for ground water since Daloelaeb
Stream basin has a sanitary landfill in it and drill sites are not easily
accessible in the Maabuug basin.

The proposed exploratory drill site shown on figure 28, is within the
Peemgoey Stream basin at an elevation of 30 feet above sea level. A power
line road provides easy access to the site. A generalized sketch of the

. hydrogeologic setting of Peemgoey Stream basin can be found on figure 8. The
' drill site overlies valley-fill sediments and at some depth, weathered bedrock
that grades into unweathered schist bedrock (Yap Formation). A well drilled
within this basin will provide needed informatipon on water-bearing properties
of the Yap Formation.

On the basis of the water-budget calculations for the area bounded by
dashed lines in figure 28, the average annual ground-water recharge to the
Peemgoey basin is estimated to be 3 percent of the mean annual rainfall of 120

inches or 3.6 inches integrated over the basin area. This amount converts to
about 11 million gallons per year (Mgal/yr) or 30,000 gal/d. It is difficult
to predict what part of this recharge can be developed with drilled wells
because the hydraulic characteristics of the schist are poorly known.

In 1979, three wells were drilled into the, Yap Formation (Nance, 1979) at
Magaaf, Qaringeel, and at the Bagel School near Qatliw on the west coast of
Yap (figs. 10 and 11). Transmissivities ranged from virtually O to 250 gal/d
per foot, a low figure, but enough to supply a village-scale water system.
Overlying the schist was 10 to 20 feet of soil and decomposed rock. Depths to

' unweathered schist ranged from 20 to 66 feet. A pattern of highly-fractured
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. island have been selected and are shown in fig

layers occurring below less-fractured layers was found at all three sites.
The proposed test hole in Peemgoey Stream basin will be drilled to a depth of
150 to 200 feet to provide information on the ‘ater-bearing properties of the
rocks on the east coast of Yap island.

At present there are no deep wells in the Yap Formation. The proposed
150- to 200-ft hole in Peemgoey Stream basin, pump tested at the base of the
alluvium and saprolite, and at the bottom of the hole (unweathered rock),
could provide permeability and yield values for the alluvium and saprolite,
and the schist bedrock separately. This information will have significant
transfer value in other areas underlain by schist bedrock.

Many of the villages in the central part df Yap island are underlain by
schist and are in need of an additional water supply to supplement existing
small village-scale systems. Four coastal sites for exploratory drilling
along the northwest and northeast side of central Yap have been selected and
are shown in figure 29. Three of the sites were selected on level ground
within stream valleys where road access can be provided. Wells drilled at
these sites are likely to yield less than 10 to 15 gal/min. However, a 10 to
15 gal/min well, such as the Magaaf well, may produce enough water to

. supplement a small village-scale system.

To take advantage of the potential transfer value, the four exploratory
drill sites in central Yap would be drilled after the proposed deep hole
penetrating the Yap Formation in Peemgoey Stream basin.

Bechyal, Wanead, and Waalooy Coastal Areas

Several areas for exploratory drilling along the northeast coast of Maap
jre 21. Bechyal, Tooruw/Wanead,
and Waalooy villages are built on coastal depojits (alluvium, sand) that

probably support small bodies of fresh ground-water floating on saltwater. 1In

September 1986, shallow dug wells in Wanead and Waalooy villages yielded
ground water containing less than 25 mg/L chloride. On the basis of the
factors of high rainfall, estimated evapotransﬁiration losses, and land area,
the prospect of tapping ground water of low chloride concentration with
shallow wells is good. ‘
To obtain estimates of the size of the ground-water bodies, it is

suggested that a minimum of five well points bj installed to depths of about
30 feet in each valley. Chloride samples could be collected as the wells are

driven to determine the salinity profile at each site.
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Hydrologic Monitorigg

The following hydrologic monitoring program is currently being undertaken
by the U.S. Geological Survey in cooperation with the Yap State government.

Streamflow is being measured at five gaging stations on Qatliw,
Qaringeel, Burong, Mukong, and Eyeb Streams. Low-flow measurements are being
made at five sites on Dinaey, Thaloomaar, Peemgoey, Monguch, and Dorfay
‘Streams. One water-quality sample per year is taken at the Eyeb and Mukong
'Stream gaging station sites.

Ground-water data are collected at several sites. Continuous water-level
records are collected at Dorfay and Timlang-2 wells. Miscellaneous water-
level measurements are made at 10 wells: Yugamanman-1l, Yugamanman-2,
Timlang-1, Timlang-3, Communication station well-2, Monguch-1, Monguch-2,
Thilung-1, Thilung-2, and the Mukong well. Watér-quality samples are
collected from Yugamanman-1l, Yugamanman-2, Timlang-2, Mukong, Monguch-1,
Monguch-2, and Thilung-2.

Rainfall data are being collected at two sites. Continuous rainfall
measurements are made at the U.S. Geological Survey gage at the old U.S. Coast
Guard Loran station, and at the U.S. Weather Bureau gage at the old airport.

SUMMARY AND CONCLUSIONS

A ground-water exploration program has been proposed to help alleviate
the water shortages that occur every year on the four Yap main islands. It is
of primary importance to locate additional sources of water to supplement the
Colonia Water System. New sources of ground water could be located and
possibly developed by drilling wells along the southern Yap plateau, located
south of the old airport, and in the Mukong andeyeb Stream basins on Gagil-
Tamil. These areas overlie a volcanic formation that is currently being
developed by wells elsewhere on the islands. Water developed from these new
sources could be used to augment the supplies for the centralized Colonia,
Southern Yap, and Gagil-Tamil Water Systems, and allow these systems to expand
to service more villages.

f The Colonia area is underlain by schist, a massive rock that is likely to
yield little water to wells. Exploration for ground water in the Colonia area
will accomplish two objectives. The first objective is to locate additional
sources of water to supplement the Colonia Water System. The second objective
is to provide information on the water-bearing properties of the schist.
Schist is present throughout the main islands, and the transfer value of such
information could be important for the development of future water supplies.

Shallow wells in coastal alluvial depositsTare planned for villages along
the northeast coast of Maap island. These wells will supplement village water
systems currently supplied by rain catchment and/or small springs, and might

provide enough water for a small tourist development in the remote areas of

the Yap main islands.
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This study has provided information that will be useful to a planned
program of water-system improvements and ground-water exploration to
accomplish the Yap State government’s goal of supplying the four main islands
with a 24-hour per day water system in the populated areas, and improving
village-scale water systems in remote areas. With a mean annual rainfall of
more than 120 inches, increasing rain-catchment areas and storage volumes
could improve water supplies in outlying villages. Ground-water exploration
is integral to this endeavor, and the proposed exploratory drilling sites
could provide information on potential new areas for ground-water development
as well as sources of additional and useful geohydrologic data.
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